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RED FLUORESCENCE OF COMEDONES: PRODUCTION OF
PORPHYRINS BY CORYNEBACTERIUM ACNES*
CHALMERS E. CORNELIUS, III, M.D.t AND GEORGE D. LUDWIG, M.D.
It has been known since the late 1920's that
many individuals show an orange-red fluores-
cence of the comedones of the face when ex-
amined under ultraviolet light (1). This phe-
nomenon is most marked in the comedones of
the nose and cheeks. Carrie, in 1934, suggested
that this fluorescence might possibly he due to
grain positive bacilli residing in the sub-
stance of the comedones (2).
The bacteriology of the comedones has been
Well established by Kligman and Shcbadeh to
be a mixed flora of Corynebacterium acnes
and Staphylococcus albus (3). The isolation
and identification of porphyrin in cultures of
Corynebacteriuns of two other species have
been established (4, 5). Wa examined smears
of comedones that fluoresced under Wood's
light with a fluorescent microscope and found
that the amorphous material of the comedonc
was the source of the fluorescence. Gram stains
of the smeared comedone showed an abun-
dance of gram positive diphtheroid organisms.
Gram stains of old, black, non-fluorescent
comedones failed to show the vast numbers of
these organisms. Cultures of C. acnes on plates
of brain heart infusion plus 1% glucose showed
production of a red pigment which fluoresced
intensely under Wood's light, suggesting that
the fluorescent material produced by C. acnes
is a porphyrin. The following report provides
evidence to support this hypothesis.
MATERiALS AND METHODS
1) Fluorescent comedones from individuals with
large, soft, facial comedones were extracted with
a Schamberg extractor, pooled, and analyzed for
porphyrins.
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A strain of C. acnes isolated from the axilla was
used. This particular organism was selected because
of its great yield of fluorescent material. The or-
ganism was grown in Difco thioglycolate broth at
370 for 15 days.
2) Separation and isolation of free porphyrins.
—The culture medium of the C. acnes to be an-
alyzed was absorbed onto talc (about 3% by
weight of total), dried, and exhaustively washed
with acetone. The acetone was then evaporated to
dryness.
The residue from the acetone wash was then
dissolved in 4:1 ethyl acetate-glacial acetic acid
solution. This material was processed by the
method of Wranne (6), with slight modification.
The 4:1 ethyl acetate-glacial acetic acid solution
was washed four times with a 02 volume of 3%
sodium acetate for the extraction of uroporphyrin.
An exhaustive extraction with 5 to 10 ml aliquots
of 5 normal hydrochloric acid was then performed.
The combined extracts were neutralized to pH 4.0
with a saturated solution of sodium acetate and
extracted three times with 50 ml. of ethyl acetate.
The aqueous residue was combined with the 3%
sodium acetate wash and saved for uroporphyrin
extraction. The ethyl acetate was washed once
with water, which was discarded.
Proto- and coproporphyrin remained in the ethyl
acetate. The washed ethyl acetate was exhaustively
extracted about 5 to 6 times with 3—S ml. portions
of 0.24 normal hydrochloric acid to remove the co-
proporphyrin and slight traces of protoporphyrin.
The 0.24 normal hydrochloric acid was washed
twice with 5 to 10 ml of chloroform to remove the
trace of protoporphyrin from the coproporphyrin.
The chloroform and the ethyl acetate were com-
bined and extracted with 5 normal hydrochloric
acid to isolate the protoporphyrin.
The combined material for uroporphyrin analy-
sis was absorbed onto a column of aluminum ox-
ide washed with a 3% acetic acid solution, and
eluted with 1.5 normal hydrochloric acid.
The pooled comedones were dissolved and ex-
tracted directly with 4:1 ethyl acetate-acetic acid
solution, and then processed according to the
method described above.
The acidic solutions of the free porphyrins were
quantitatively assayed by fluorescence in an
Aminco-Bowman spectrophotofluorometer, and the
spectra were recorded on a Cary recording spectra-
photometer. In both procedures, known amounts
of authentic free porphyrins were used as stand-
368
ards.
3) Formation of methyl esters of free porphy-
rins.—Solutions of the acidified free porphyrins
isolated from the C. acnes media were neutralized
to pH 3.8, extracted with small quantities of ether
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and evaporated to dryness. A 20 to 1 solution of
methanol-sulfuric acid was laid over the dried free
porphyrins for 24 hours. The methyl esters were
then extracted from the esterifying solution by an
TABLE I
cultnres of Corynebacterium acnes
Standard
Copro (11.2 zg/lOO
ml)
Extract 1
Copro
Proto
Uro
Extract 2
Copro
Proto
Uro
Extract 3
Copro
Proto
Uro
* Quantitative values for proto- and uroporphy-
run have been obtained by multiplying by 1.25 for
proto- and 0.75 for uro-, because they were meas-
ured against a pure coproporphyrin III standard.
equal volume of chloroform. The chloroform was
washed with 2% sodium hydroxide solution whose
volume was three times the original solution, then
four times with a 7% sodium chloride solution of
one-half volume and finally with one volume of
water. The chloroform was evaporated to dryness
to yield the methyl esters.
4) Paper Chromatoyraphy of the Methyl Esters.
—Chromatography was performed according to the
method of Chu, et al. (7) in which a double uni-
directional development was made in systems of
kerosene and chloroform, and kerosene and N-
propyl alcohol on Whatman (1 paper. The methyl
esters were first dissolved in acetone and spotted
on the paper in a volume of 4 to 10 microliters.
RESULTS
spectrophotofluorometer using an excitation
wave length of 401 me. This is characteristic
of coproporphyrin and demonstrates the prob-
able presence of coproporphyrin in comedones.
To establish the nature of the porphyrin
produced by C. acnes, cultures of the organism
were grown in thioglycolate broth and the
free porphyrin extracted and measured in the
PAPER CHROMATOGRAPHY OF METHYL ESTERS OF PORPHYRINS
Fia. 1. Replica tracings of two-dimensional paper chromatograms of methyl esters of
porphyrins that were differentially extracted from C. aenes growth medium (unknowns)
compared with methyl esters of authentic porphyrins (standard copro I and III, proto 9).
The solvent systems were I) kerosene and chloroform, and II) kerosene and N-proovl
alcohol.
Fluorometrie determination of free porphyrin in
Porphyrin
Fluoro-
meter
Reading(div)
Volume
(ml)
Amt. of
Porphyrin*
(pg)
8.5
85.0
33.0
7.5
35.0
12.0
45.0
45.0
57.0
0
18
21
12
84
45
2
20
5
40
21 4 About 50 mg. of fluorescent comedones were
122 analyzed by dissolving in 4:1 ethyl acetate—
019 acetic acid solution and extracting according
to the procedure described above. A fluorescent
41.3 peak at about 600 was produced when the
9.5 solutions which had been processed so as to
0.9 contain coproporphyrin were activated in the
12.6
5.0
0
07
COPRO COPRO PROTO COPRO PROTO
t ill UNKNOWN UNKNOWN
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FIG. 2. Absorption spectra of free porphyrins
obtained from C. cones filtrates in aqueous hydro-
chloric acid (coproporphyrin in 0.1 N UCI; proto-
porphyrin in 2.7 N nd).
spectrophotofluorometer (Table I). This
showed the presence of eoproporphyrin, proto-
porphyrin, and a possible uroporphyrin.
Chromatography of methyl esters, using
known standards, showed the presence of
eoproporphyrin III and protoporphyrin 9, and
failed to show any uroporphyrin (Fig. 1).
Analysis of the free porphyrin in hydrochlo-
ric acid showed absorption peaks at 400 mr,
546 mc, and 590 mc, fGr coproporphyrin III,
and 406 mit, 548 mit, and 594 mIt for proto-
porphyrin 9 (Fig. 2). This corresponds well
with the absorption peaks given by Falk (8)
who found peaks at 399.5 mit, 548 mit, and 590
mit for eoproporphyrin III, and 408 mit, 554
mit, and 598 mj for protoporphyrin 9. Tht
solution extracted so as to contain uropor-
phyrin (see Table I) showed only a small
Soret peak at 401 mp. This material was con-
sidered to be coproporphyrin III carried over
in the 0.2 volume wash of 3% sodium acetate
in the early phase of the extraction process.
Coproporphyrin III and protoporphyrin 9 are
thus demonstrated in the medium of Coryne-
bacterium cones by chemical extraction and
fluorometrie analysis, paper chromatography,
and spectrophotometry.
CONCLUSION
1. The orange-red fluorescence of eomedones
is due to porphyrins produced by Cornebac-
tori urn cones.
2. Coproporphyrin III is the major porphy-
rin produced by Corynebacterium cones.
3. Protoporphyrin 9 is also produced in
lesser amounts.
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